Abstract. A study has been made of the effects on hydroxyproline formation of 4 factors that influence the rate of cell elongation in the Avena coleoptile; auxin, sugars, an external osmoticum, and actinomycin D. Hydroxyproline formation is increased by a oombination of auxin and sucrose, but is affeoted to a much lesser extent by either factor alone. Its formation is inhibited by an external osmoticum but is scarcely affected by actinomycin D. The lack of correlation between the amount of hydroxyproline synthesis and the growth rate suggests that hydroxyproline formation is not involved in the actual process of wall loosening. It is suggested, instead, that if the wall is to retain its capacity for rapid extension, those hemicelluloses which are incorporated into it by intussusception rather than by apposition must be attached to a hydroxyproline-protein.
Materials and Methods
The experimental material consisted of 14-mm sections cut from 25 to 32 mm long coleoptiles of Avena sativa, var. Victory. Methods for growing the seedlings and for collecting the sections have been described earlier (3, 20) .
Groups of 30 to 100 sections were incubated 10 to 22 hr in potassium maleate buffer (2.5 mM, pH 4.7) which contained, where indicated, indoleacetic acid (IAA, 5 jig/ml), sucrose (2 % w/v), penicillin G (0.1 mM), L-proline-_u-'4C (175 mc/ mnmole), adenine-8-'4C (49 mc/mmole), DL-leucine-1- 1 Supported by Grant GB-5385 from the Nationial S^7ience Foundation ' The term fraction is usedl here in a physiological rather than a biochemical sense.
14C (3 mc/mmole), actinomycin D (50 ug/ml) and mannitol (0.1-0.5 M). The lengths of the sections were determined and the material was treated by procedures already described in detail (9) to give a total protein fraction (Method A) or protein whichwas fractionated (Method C) into wall (W-fraction), cytoplasmic, TCA-insoluble (S-fraction) or cytoplasmic, TCA-soluble, non-dialyzable (DS-fraction) fractions. Each fraction was washed with a TCA series (25) and then hydrolyzed in 6 N HCl. The amino acids were separated by descending paper chromatography in isopropyl alcohol :formic acid: water (15 :2 :2). The location of the proline, hvdroxyproline and leucine was determined with a radio-chromatogram scanner, the amino acids were eluted and an aliquot of each was dried on an aluminum planchet and counted in an automatic gas-flow counter. Total proline (35) and hydroxyproline (29) were also determined chemically. Details of these procedures can be found in earlier papers (8, 9, 11) . RNA synthesis was followed by determining the incorporation of adenine-14C into RNA. The methods of Osborne (24) were used to extract the RNA and to determine its activity.
Each experiment was repeated at least 3 timles with at least 2 replicates of each treatment in each experiment.
Results
Hydroxyproline synthesis and cell elongation are affected in different ways by auxin and exogenous sugars. The rate of cell elongation is stimulated by auxin whether or not sugars are present (6, Groups of 30 sections incubated 16 hr in 2 ml basal medium with additioni of IAA (5 ugg/ml), either prolinie-l-C (0.5 jac) and leucine-l'C (0.125 ,uc) or adenine-14,C (0.9 /hc), and with o-wvithout (50 jug/iiil). Proteini prepared by method A (9); RNA by procelures of Osborne (23 (27) .
A possible role of the hyxdroxplroline-p)roteins may be to assure that the hemicelluloses are inicorporated into the wall w\ith the correct orientationl. Lamport (18, 19) of hydroxyproline-proteins may result in the formation of "extensin-crosslinks" with a concomitant decrease in wall extensibility. The relation between wall extensibility and hvdroxyproline-protein synthesis will depend upon wlhich of these processes predominates, but whenever there is a massive increase in the hydroxyproline-proteins in the wall, as there is during the cessation of growth in the pea epicotyl (10), one might expect to find a decrease in the growth rate. It is unlikely, though, that the growtth rate will always be closely correlated with the hydroxvproline level in the wall since wall extensibility is influenced by a variety of factors other than the hydroxyproline-proteins.
Finally, it must be pointed out that this hvpothesis, while it is in accord with all of the available information, is far from proven. However, it should be possible to test the validity of this theory by examining the pattern of hydroxyproline incorporation into the wall by autoradiography with the electron microscope.
